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(g) A semiconductor device and package. 



(57) A semiconductor-device package (20) in- 
cludes a printed circuit board (21) which has a 
chip-accommodating hole (25) in its centre and 
which has external connection terminals (24) 
formed on one side and a flexible substrate (26) 
which has a supporting film (27) having a cent- 
ral hole aligned with the chip-accommodating 
hole (25). A circuit pattern (28) is formed on the 
supporting film (27) and inner leads (28b) pro- 
ject inside the central hole (25) to form micro 
patterns. The flexible substrate (27) is bonded 
on the other side of the printed circuit board 
(21) and an electrical connection is formed 
between its circuit pattern (28) and that of the 
circuit board (21). 
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The present invention relates to a semiconductor- 
device package and a semiconductor device. 

A TAB (Tab Automated Bonding) tape comprises 
a heat resistant support film (for example, a polyimide 
f ilm or the like) and a circuit pattern made of copper 
foil formed on the support film, the circuit pattern hav- 
ing inner leads projecting inside an element-accom- 
modating hole of the support film and outer leads pro- 
jecting outside the support film. 

A conventional bonding technique using this TAB 
tape makes it possible to facilitate tests of semicon- 
ductor elements (chips) before packaging them, to si- 
multaneously bond a narrow-pitch chip whose pitch 
width is so narrow that this chip cannot be simultane- 
ously bonded by means of a conventional multi-pin 
and wire-bonding technique. Furthermore such a TAB 
tape bonding technique is superior to wire-bonding 
technique with regard to its high frequency properties 
and is suitable to high density packaging. Therefore, 
such a TAB tape bonding technique is very appropri- 
ate to a multi-pin, narrow- pitch and high-speed chip, 
such as a CPU chip or the like. 

However, in such a conventional TAB tape bond- 
ing technique, both inner lead bonding and outer lead 
bonding is required and, as a result, a large number 
of working man- hours are inevitably required. In ad- 
dition to this, because of requirements for mounting 
the package on a substrate, the pitch width between 
outer leads cannot be made narrow in the same man- 
ner as the pitch width between inner leads and, for 
this reason, the outer leads must project beyond its 
support film. Thus, according to such a conventional 
TAB tape bonding technique, the overall size of a 
semiconductor device typically becomes larger when 
a chip is mounted on it, which is contrary to demands 
of miniaturization. 

Furthermore, when such a conventional TAB 
tape bonding technique is applied to a high-power 
chip such as a CPU chip or the like, complex and ex- 
pensive packaging is necessary because adaptation 
to a heat radiating structure is difficult to obtain. 

According to this invention a semiconductor de- 
vice package comprises a printed circuit board having 
a chip-accommodating hole, respective surfaces and 
. a circuit pattern, one of said surfaces being provided 
with external connection terminals electrically con- 
nected to said circuit pattern; 

a flexible substrate comprising a supporting 
f ilm having a central hole substantially in alignment 
with said chip-accommodating hole and a circuit pat- 
tern formed on said supporting film, at least a part of 
said circuit pattern projecting inside said central hole 
as inner leads having micro- patterns; and 

said flexible substrate being bonded to the 
other surface of said printed circuit board in such a 
manner that the circuit pattern of the flexible sub- 
strate is electrically connected to the circuit pattern of 
said printed circuit board. 



Preferably a semiconductor-device comprises: a 
package in accordance with the invention, and a sem- 
iconductor chip bonded and mounted on said inner 
leads of said package, and sealing means for sealing 

5 said semiconductor chip located in said chip accom- 
modating hole. 

Preferably the semiconductor device also in- 
cludes a heat radiating plate attached to said package 
so as to cover said chip-accommodating hole and di- 

10 rectly or ind irectly contact said semiconductor chip to 
support it 

According to a semiconductor-device package of 
this invention, it is possible to perform bonding by a 
conventional bonding technique in order to electrical- 
15 ly connect said semiconductor-device package and a 
chip together. Thus a semiconductor-device package 
of the present invention is especially suitable for pack- 
aging a multi-pin and narrow-pitch chip which cannot 
be bonded by a conventional wire-bonding technique. 
20 Furthermore, the present invention can provide a 
miniature and low-cost semiconductor-device pack- 
age which has excellent packaging ability because 
the semiconductor-device package of the present in- 
vention has no outer leads projecting outward in con- 
25 trast to a TAB tape. 

Furthermore, according to a semiconductor de- 
vice of the present invention, it becomes possible to 
provide a semiconductor device which excels in heat 
radiating ability, high-density packaging ability and 
30 electrical properties even when it mounts a multi-pin, 
narrow-pitch and high-power chip. 

Particular embodiments in accordance with this 
invention will now be described and contrasted with 
the prior art with reference to the accompanying draw- 
35 ings; in which; 

Figure 1 is a vertical cross-sectional view of 
anembodiment of a semiconductor-device pack- 
age according to the present invention; 
Figure 2 is a bottom view of the example of Fig. 
40 1; 

Figure 3 is a longitudinal sectional view of the ex- 
ample of Fig. 1 which is completed as a semicon- 
ductor device. 

Figure 4 shows another example of the substrate 
45 in the embodiment shown in Fig. 1 ; 

Figure 5 shows another example of the heat sink 
in the embodiment shown in Fig. 1 ; 
Figure 6 is a cross-sectional view of another em- 
bodiment of a semiconductor-device package of 
so this invention; 

Figure 7 is a cross-sectional view of another em- 
bodiment of a semiconductor-device package of 
this invention; 

Figure 8 is a cross-sectional view of another em- 
55 bodiment of a semiconductor-device package of 

this invention; 

Figure 9 is a cross-sectional view of an embodi- 
ment similar to that of Fig. 6; and 
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Figure 10 is a cross-sectional view of a semicon- 
ductor device having a conventional heat- 
radiating structure. 

Figure. 1 0 shows an example of a heat radiation 
structure on a conventional semiconductor device. 

This conventional semiconductor device has 
complex and expensive package structure. As shown 
in this figure, a circuit pattern for a PGA (Pin Grid Ar- 
ray) type package 10 and a chip 11 are connected 
through a TAB tape 12 and are sealed by a cap 13. 
Moreover, by means of soldering or the like, a heat 
sink 15 is fastened to a support 14 bonded to the chip 
11. 

Fig. 1 is a cross-sectional view of an embodiment 
of a semiconductor-device package 20 and Fig. 2 is 
a bottom view of the same. A multi-layer printed circuit 
board is indicated at 21. The top pattern and the bot- 
tom pattern of this printed circuit board are electrically 
coupled together through conducting portions as 
through-hole plating or the like. This printed circuit 
board has multiple layers which include a signal cir- 
cuit pattern, as well as a ground circuit pattern, a pow- 
r-supply circuit pattern and the like which are sepa- 
rated from the signal layer in view of these electrical 
properties. These circuit patterns are formed inside 
the printed circuit board. 

External connection bumps or terminals 24 are 
formed on the bottom surface of the printed circuit 
board 21 . These bumps 24 may be lead pins, solder- 
able pads or conductive adhesive. 

A chip-accommodating hole 25 is formed in the 
centre portion of the printed circuit board 21 . 

The printed circuit board 21 is provided on the 
bottom surface thereof with a dent along the periph- 
ery of the chip-accommodating hole 25. This dent 
works as a recess for a cap fitting. 

A flexible substrate is indicated at 26. This sub- 
strate is fixed on the upper surface of the printed cir- 
cuit board 21 by means of an adhesive. In the embodi- 
ment shown in Fig. 1, by etching a copper foil on the 
bottom surface of the supporting film 27 (for exam- 
ple, a polyimide film), a circuit pattern 28a on a bot- 
tom surface of the supporting film 27 and a pattern 
of inner leads 28b projecting inside said chip- 
accommodating hole 25 are formed. 

The supporting film 27 is also formed in a frame- 
like form which has a hole in its centre portion. This 
hole is made so as to have a smaller size than that of 
the chip-accommodating hole 25. Preferably, a por- 
tion of the supporting film 27 projects inside the chip 
accommodating hole 25 and supports the base por- 
tions of the inner leads 28b which project inside the 
chip accommodating hole 25. 

As described above, the flexible substrate 26 is 
fixed on the printed circuit board 29 by means of an 
adhesive. 

In the same way as an electrical connection be- 
tween the lower and upper patterns in a conventional 



printed circuit board, a circuit pattern on the upper 
surface of the printed circuit board 21 and the circuit 
pattern 28a on the bottom surface of the supporting 
film 27 are electrically coupled together through a 

5 plated film on the inner surface of through-holes. 

This plated film is formed by boring holes through 
the printed circuit board at necessary points and by 
forming a through-hole plated film on the inner sur- 
face of the through-holes. That is to say, the whole 

10 structure of a package body 20 is able to be made by 
means of a substantially same structure and method 
as those used for a conventional printed circuit board. 
Furthermore, according to this embodiment, only the 
inner leads 28b of the circuit pattern on the top layer 

15 of the printed circuit board project inside the chip ac- 
commodating hole 25 in the form of TAB tape. This 
makes the structure of the package 20 different from 
that of a conventional semiconductor-device pack- 
age. 

20 It is preferable to bond a spacer 30 made of a ma- 

terial such as a resin containing a glass-filler to the 
upper side of the supporting film 27 by using an ad- 
hesive material. Preferably, this spacer 30 has such 
a thickness that the upper surface of a semiconductor 
25 chip 31 (Fig. 3) can be flush with the upper surface 
of the spacer 30 when the semiconductor chip 31 is 
mounted on the inner leads 28b. 

Fig. 3 shows an embodiment of a semiconductor 
device in which the semiconductor chip 31 is mounted 
30 and sealed on the above-mentioned package 20. ' 

The chip 31 can be mounted on the inner leads 
28b by simultaneous bonding. The upper surface of 
the chip 31 mounted in this manner is almost flush 
with the upper surface of the spacer 30. The upper 
35 side of the chip 31 and the upper side of the spacer 
30 are applied with an adhesive 33 and a heat sink 32 
is fixed on these surfaces and is laid over the chip- 
accommodating hole 25. 

The heat sink 32 may be made of a metal material 
40 such as aluminum, copper-tungsten alloy, copper and 
the like. Af in member 35 is preferably mounted on the 
heat sink 32. 

Then, after the bottom surface of the chip- 
accommodating hole 25 is air-tightly sealed by a cap 
45 34, a semiconductor device is completed. 

Furthermore, each of the upper and bottom sur- 
faces of the inner leads 28b can be provided with the 
above mentioned supporting film 27 (Fig. 4) and, as 
a result, the inner leads 28b can be supported from 
so their both the upper and bottom surfaces, which re- 
inforces the mechanical strength of the inner leads. In 
this case, by the formation of through-holes piecing 
the printed circuit board 21 , the electrical coupling be- 
tween the circuit pattern 28a and the circuit pattern 
55 on the upper side of the printed circuit board 21 can 
be established in the same manner as described 
above. 

Furthermore, it is not always necessary to use 
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the spacer 30. When the spacer 30 is not used, it is 
preferable to use the heat sink 32 having a recess 
whose depth is equal to the thickness of the chip 31 , 
as shown in Fig. 5. 

Fig. 6 shows another embodiment of a semicon- 
ductor-device package of this invention. In this em- 
bodiment, the cap 34 is not used to air-tightly seal the 
bottom surface of the chip-accommodating hole 25, 
but the chip-accommodating hole 25 is filled with a 
resin 37 to hermetically seal the chip 31 and the TAB 
tape. 

In an embodiment shown in Fig. 7 t the chip ac- 
commodating holes 25b of the printed circuit boards 
21b are larger than the chip accommodating holes 
25a of the printed circuit boards 21a. Thus, chip 31 is 
electrically connected to the conductive patterns 39 
on the circuit board 21a by bonding wires 41. Such a 
connection can be done by a conventional wire- 
bonding process. 

Fig. 8 shows another embodiment of a semicon- 
ductor-device package which is similar to that of Fig. 
7, except that the cap 34 is not used, but the chip- 
accommodating hole 25a, 25b is filled with a resin 37 
in the same manner as the embodiment of Fig. 6. 

Fig. 9 shows another embodiment of a semicon- 
ductor-device package which is similar to that of Fig. 
6, except that the heat sink 32 and the fin member 35 
are not used. Therefore, the structure and the func- 
tion of this embodiment are quite the same as the em- 
bodiment of Fig. 6 except for the heat radiation 
means. 

According to a semiconductor-device package of 
this invention, it is possible to bond a semiconductor 
device package and a chip together by a conventional 
TAB bonding technique in order to electrically couple 
the package and the chip together. Thus a semicon- 
ductor-device package of the present invention is es- 
pecially suitable for packaging a multi-pin and narrow- 
pitch chip which cannot be bonded by a conventional 
wire-bonding technique. Furthermore, the present in- 
vention can provide a miniature and low-cost semi- 
conductor-device package which has excellent pack- 
aging ability because the semiconductor-device 
package of the present invention has no outer leads 
projecting outward in contrast to a TAB tape. 

According to the present invention, it becomes 
possible to provide a semiconductor-device which ex- 
cels in heat radiating ability, high-density packaging 
ability and electrical properties even when it mounts 
a multi-pin, narrow-pitch, high-speed and high-power 
chip. 



Claims 

1. A semiconductor-device package (20) compris- 
ing: 

a printed circuit board (21) having a chip- 



accommodating hole (25), respective surfaces 
and a circuit pattern, one of said surfaces being 
provided with external connection terminals (24) 
electrically connected to said circuit pattern; 

5 a flexible substrate (26) comprising a sup- 

porting film (27) having a centra! hole substan- 
tially in alignment with said chip-accommodating 
hole (25) and a circuit pattern (28) formed on said 
supporting film (27), at least a part of said circuit 

10 pattern (28) projecting inside said central hole as 

inner leads (28b) having micro patterns; and, 

said flexible substrate (26) being bonded 
to the other surface of said printed circuit board 
(21 ) in such a manner that the circuit pattern (28) 

15 of the flexible substrate (26) is electrically con- 

nected to the circuit pattern of said printed circuit 
board (21). 

2. A semiconductor-device package according to 
20 claim 1, wherein said printed circuit board (21) is 

multi-layer printed circuit board. 

3. A semiconductor device comprising: 

a package (20) in accordance with claim 1 

25 or 2; 

a semiconductor chip (31) bonded and 
mounted on said inner leads (28b) of said pack- 
age (20); and, 

sealing means (34, 37) for sealing said 
30 semiconductor chip (31 ) located in said chip ac- 

commodating hole (25). 

4. A semiconductor-device according to claim 3, 
which also includes: 

35 a heat radiating plate. (32) attached to said 

package (20) so as to cover said chip- 
accommodating hole (25) and directly or indirect- 
ly contact said semiconductor chip (31 ) to support 
it 

40 

5. A semiconductor-device according to claim 4. 
wherein said heat radiating plate (32) is attached 
to said package (20) via a spacer (30). 

45 6. A semiconductor-device according to claim 4 or 
5, wherein said sealing means includes a cap (34) 
which hermetically closes said chip- 
accommodating hole (25) in cooperation with 
said heat radiating plate (32). 

50 

7. A semiconductor-device according to claim 3, 4 
or 5, wherein said sealing means is a moulded 
resin (37) filling said chip-accommodating hole 
(25). 

55 
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